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1
CONTROL CIRCUIT

FIELD OF THE INVENTION

This invention relates to a control circuit for use with
a switch having first and second states.

BACKGROUND OF THE INVENTION
Such a control circuit is used in a wide variety of

electrical applications. For example, such a control 10

circuit 1s typically used with one or more lamps to con-
trol the illumination of the lamp or lamps from a switch
having an “ON” and an “OFF” position. In such an
application the control circuit senses when the switch is
in the “ON” position and in response thereto produces
a signal to enable the lamp or lamps to produce illumi-
nation, and the control circuit senses when the switch is
in the “OFF position and in response thereto produces
a signal to disable the lamp or lamps from illuminating.

Thus, such a control circuit provides control of the
lamps in one of two conditions: full illumination or no
illumination, depending on whether the switch is instan-
taneously in the “ON” position or “OFF"’ position re-
spectively.

In some applications it 1s desired to control the lamps
or lamps in a third condition: for example, at a level of
illumination intermediate between full illumination and
no illumination. In such an application it has heretofore
been necessary to use either an alternative switch hav-
ing three positions (for example, an “OFF” position, an
“intermediate-ON” position and a “full-ON” position)
instead of the two-position switch described above, or
to use a further two-position switch in addition to the
two-position switch described above in order to pro-
vide an additional switch position for the intermediate
illumination condition of the lamp or lamps. In either
case, whether a substitute switch or an additional

switch is used to provide the additional switch position
for intermediate illumination, additional wiring is typi-
cally required to connect the additional switch position
to the control circuit.

If 1t 1s desired to “retro-fit” lighting having abilities of
both “full-ON”" and “intermediate-ON” (often referred
to as “'dimmable” lighting) as well as “OFF” into an
existing installation having just “ON’ and “OFF” abili-
ties as described above, this will thus require the instal-
lation of a different or an additional switch and also
require the installation of additional wiring, which will
significantly increase the cost of the retro-fitting exer-
cise if the switch or switches are walil-mounted and the
additional wiring needs to be hidden within the wall
and/or ceiling, as 1s typically the case.

SUMMARY OF THE INVENTION

In accordance with the invention there is provided a
control circuit for producing a first output signal, a
second output signal or a third output signal in response
to operation of a switch having a first state or a second
- state, the control circuit comprising: capacitance means
arranged to become charged when the switch is in its
second state and to become discharged when the switch
1s 1n 1ts first state; sensing means for sensing whether the
level of charge of the capacitance means is less than a
predetermined level when the switch changes to its
second state; and signal producing means for producing
the first output signal when the switch is in its first state,
the second output signal if the level of charge of the
- capacitance means is less than the predetermined level
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when the switch changes to its second state, and for
producing the third output signal if the level of charge
of the capacitance means is greater than the predeter-
mined level when the switch changes to its second state.

In such a control circuit, by sensing not only whether
the switch is in its first state or second state, but also by
sensing when the switch changes to its second state
within a predetermined time of having last been in its
second state, the control circuit can provide first, sec-
ond and third output signals without the need for addi-
tional switch positions or additional winng.

Thus, for example, 1n a lighting application, the con-
trol circuit allows lighting having “full-ON’’, “inter-
mediate-ON” and “OFF” capabilities to be retro-fitted
into an existing installation having only “ON” and
“OFF” capabilities, without requiring the complication
and cost of installing replacement or additional switches
or of installing additional wiring.

BRIEF DESCRIPTION OF THE DRAWINGS

One fluorescent lamp driver circuit incorporating a
control circuit in accordance with the present invention
will now be described, by way of example only, with
reference to the accompanying drawings, in which:

FIG. 1 shows a schematic circuit diagram of a driver
circuit for driving three fluorescent lamps.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to FIG. 1, a circuit 100, for driving
three fluorescent lamps 102, 104, 106, has two input
terminals 108, 110 for receiving thereacross an AC
supply voltage of approximately 277 V at a frequency of
60 Hz. A full-wave rectifying bridge circuit 112 has two
input nodes 114, 116 and has two output nodes 118, 120.
The input node 114 is connected to the input terminal
108 via a conventional two-pole, single throw switch S
having an element (not shown) which i1s mechanically
movable between “open” and “closed” positions. The
input node 116 is connected directly to the input termi-
nal 110. The output node 118 of the bridge 112 is con-
nected to a ground voltage rail 122. A capacitor 123
(having a value of approximately 0.18uF) is connected
between the output nodes 118 and 120 of the bridge
circuit 112.

A cored inductor 124 (having an inductance of ap-
proximately 4.5 mH) has one end connected to the out-
put node 120 of the bridge 112, and has its other end
connected to a node 126. A field effect transistor (FET)
128 (of the type BUZ90) has its drain electrode con-
nected to the node 126. The field effect transistor (FET)
128 has its source electrode connected, via a resistor 130
(having a value of approximately 1.6{2), to the ground
voltage rail 122. A diode 132 (of the type MUR160) has
its anode connected to the node 126 and has its cathode
connected to an output node 134. The ground voltage
rail 22 is connected to an output node 136.

A resistor 138 (having a resistance of approximately
2M(}) 1s connected between the output node 120 of the
bridge 112 and a node 140. A capacitor 142 (having a
capacitance of approximately 0.0039uF) is connected
between the node 140 and the ground voltage rail 122.
A current-mode control integrated circuit (IC) 144 (of
the type AS3845, available from ASTEC Semiconduc-
tor) has its R7/Crinput (pin 4) connected to the node
140. The current mode control 1C 144 has its VReg
output (pin 8) connected, via a resistor 146 (having a
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resistance of approximately 10K 1), to the node 140 and
connected, via a capacitor 148 (having a capacitance of
approximately 0.22uF) to the ground voltage rail 122.
The current mode control 1C 144 has its control signal
output (pin 6) connected, via a resistor 150 (having a
resistance of approximately 20(2), to the gate electrode
of the FET 128. The gate electrode of the FET 128 1s
also connected, via a resistor 152 (having a resistance of
approximately 22K (1), to the ground voltage rail 122.

Two resistors 154, 156 (having respective resistances
of approximately 974K () and 5.36K (1) are connected in
series, via an intermediate node 188, between the output
terminal 134 and the ground voltage rail 122. The cur-
rent mode control IC 144 has its V gpinput (pin 2) con-
nected to the node 158. The current mode control IC
144 has its COMP output (pin 1) connected to its Vg
input (pin 2) via a parallel-connected resistor 162 (hav-
ing a resistance of approximately 1.5M({}) and capacitor
164 (having a capacitance of approximately 0.22uF).
The current mode control IC 144 has its current sense
input (pin 3) connected to the ground voltage rail 122
via a capacitor 166 (having a capacitance of approxi-
mately 470pF) and to the source electrode of the FET
128 via a resistor 168 (having a resistance of approxi-
mately 1K(2).

The current mode control IC 144 has its V¢ input
(pin 7) connected to the bridge rectifier output node 120
via a resistor 170 (having a resistance of approximately
240K Q1) and connected to the ground voltage rail 122
via a capacitor 172 (having a capacitance of approxi-
mately 100uF). The current mode control IC 144 has its
GND input (pin 5) connected to the ground voltage rail
122. A winding 137, wound on the same core as the
inductor 124, has one end connected to the ground
voltage rail 122 and has its other end connected via a
diode 139 to the Vcinput (pin 7) of the I1C 144.

The driver circuit 100 also includes a control circuit
C. The control circuit C has, connected in a series
chain, a resistor C1 (having a value of approximately
3.3K11), a diode C2, a resistor C3 (having a value of
approximately 10M(1), and a resistor C4 connected to
the ground voltage rail 122. The diode C2 has its anode
connected to the resistor Cl and has its cathode con-
nected to the resistor C3. A capacitor C§ (having a
value of approximately 0.01uF) is connected in parallel
with the resistor C3 between the cathode of the diode
C2 and the resistor C4.

In parallel with the series chain formed by the com-
ponents C1, C2, C3 and C4, there is connected another
series chain formed by a resistor C6 (having a value of
approximately 1K) and a silicon controlled rectifier
(or thyristor) C7 (of the type 2N5060). The thyristor C7
has its anode connected to the resistor C6é and has its
cathode connected to the ground voltage rail 122; the
thyristor has its gate electrode connected to the junc-
tion of the resistors C3 and C4.

The anode of the thyristor C7 is connected, via a
series-connected resistor C8 (having a value of approxi-
mately 47K (1) and diode C9, to the node 158. The junc-
tion of the resistors C1 and C6 is connected to the
V recoutput (pin 8) of the current mode control I1C 144.

The power supply output terminals 134 and 136 are
connected to input nodes 174 and 176 of a half-bridge
inverter formed by two npn bipolar transistor 178 and
180 (each of the type BUL4S5). The transistor 178 has 1ts
collector electrode connected to the input node 174,
and has its emitter electrode connected to an output
node 182 of the inverter. The transistor 180 has its col-
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lector electrode connected to the node 182, and has its
emitter electrode connected to the input node 176. Two
electrolytic capacitors 184 and 186 (each having a value
of approximately 47uF) are connected in series between
the inverter input nodes 174 and 176 via an intermediate
node 188. For reasons which will be explained below, a
resistor 190 (having a value of approximately 1M(2) and
a capacitor 192 (having a value of approximately 0.1uF)
are connected in series between the inverter input nodes
174 and 176 via an intermediate node 192.

The inverter output node 182 is connected to a series-
resonant tank circuit formed by an inductor 196 (having
a value of approximately 5.35 mH) and a capacitor 198
(having a value of approximately 10nF). The inductor
196 and the capacitor 198 are connected in series, via a
primary winding 200 of a base-coupling transformer 202
which will be described more fully below, between the
inverter output node 182 and the node 188. The base-
coupling transformer 202 includes the primary winding
200 (having approximately 8 turns) and two secondary
windings 204 and 206 (each having approximately 24
turns) wound on the same core 208. The secondary
windings 204 and 206 are connected with opposite po-
larities between the base and emitter electrodes of the
inverter transistors 178 and 180 respectively. The base
electrode of the transistor 180 is connected via a diac
210 (having a voltage breakdown of approximately 32
V) to the node 194.

An output-coupling transformer 212 has its primary
winding 214 connected in series with the inductor 196
and in parallel with the capacitor 198 and the primary
winding 200 of the base-coupling transformer 202 to
conduct output current from the tank circuit formed by
the series-resonant inductor 196 and capacitor 198. The
primary winding 214 of the transformer 212 1s center-
tapped at a node 215, which is coupled to the inverter
input nodes 174 and 176 via diodes 215A and 215B
respectively.

The output-coupling transformer 212 includes the
primary winding 214 (having approximately 70 turns), a
principal secondary winding 216 (having approximately
210 turns) and four filament-heating secondary wind-
ings 218, 220, 222 and 224 (each having approximately 3
turns) wound on the same core 226. The principal sec-
ondary winding 216 is connected across output termi-
nals 228 and 230, between which the three fluorescent
lamps 102, 104 and 106 are connected in series. The
lamps 102, 104 and 106 each have a pair of filaments
102A & 102B, 104A & 104B and 106A & 106B respec-
tively located at opposite ends thereof. The filament-
heating secondary winding 218 i1s connected across the
output terminal 228 and an output terminal 232, be-
tween which the filament 102A of the lamp 102 is con-
nected. The filament-heating secondary winding 220 is
connected across output terminals 234 and 236, between
which both the filament 102B of the lamp 102 and the
filament 104A of the lamp 104 are connected in parallel.
The filament-heating secondary winding 222 is con-
nected across output terminals 238 and 240, between
which both the filament 104B of the lamp 104 and the
filament 106A of the lamp 106 are connected in parallel.
The filament-heating secondary winding 224 is con-
nected across the output terminal 230 and an output
terminal 242, between which the filament 106B of the
lamp 106 1s connected.

The integrated circuit 144 and its associated compo-
nents form a voltage-boost circuit which produces,
when activated, a boosted output voltage between the
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output terminals 134 and 136. The detailed operation of
such a volitage-boost circuit is described more fully in,
for example, U.S. patent application No. 07/665,830,
which 1s assigned to the same assignee as the present
application, and the disclosure of which is hereby incor-
porated herein by reference.

The transistors 178 and 180, the inductor 196, the
capacitor 198 and their associated components form a
seif-oscillating inverter circuit which produces, when
activated, a high-frequency (e.g. 40 KHz) AC voltage
across the primary winding 214 of the output-coupling
transformer 212. The voltages induced in the secondary
windings 218, 220, 222 and 224 216 of the output-cou-
pling transformer serve to heat the lamp filaments 102A
& 102B, 104A & 104B and 106A & 106B and the voltage
induced in the secondary winding 216 of the output-
coupling transformer serves to drive current through
the lamps 102, 104 and 106. The detailed operation of
such a self-oscillating inverter circuit is described more
fully in, for example, U.S. patent application No.
07/705,856, which 1s assigned to the same assignee as
the present application, and the disclosure of which s
hereby incorporated herein by reference.

In operation of the circuit of FIG. 1, with the switch
S closed and with a voltage of 277 V, 60 Hz applied
across the input terminals 108 and 110, the bridge 112
produces between the node 120 and the ground voltage
rail 122 a unipolar, full-wave rectified, DC voltage
having a frequency of 120 Hz.

When the circuit is first powered-up, the activation of
the voltage-boost 1C 144 is controlled, for reasons
which will be explained below, by the resistive-capaci-

tive divider 170, 172 connected between the output
nodes 118 and 120 of the bridge circuit 112. The compo-

nent values in the preferred embodiment of the circuit
of FIG. 1 are chosen to produce a delay of approxi-
mately 0.7 seconds between initial power-up of the
circuit and activation of the voltage-boost IC 144. Simi-
larly, when the circuit is first powered-up, the activa-
tion of the self-oscillating inverter is controlled by the
resistive-capacitive divider 190, 192 connected between
the output terminals 134 and 136 of the voltage-boost
circuit formed by the IC 144 and its associated compo-
nents. The component values in the preferred embodi-
ment of the circuit of FIG. 1 are chosen to produce a
delay of approximately 40 milliseconds between initial
power-up of the circuit and activation of the self-oscil-
lating inverter.

‘The circuit of FI1G. 1 1s so arranged that, with the
self-oscillating inverter activated but before activation
of the voltage-boost IC 144, an unboosted voltage of
approximately 390 V appears across the output termi-
nals 134 and 136, and the voltage induced in the second-
ary windings 218, 220, 222 and 224 is sufficient to pro-
duce significant heating of the filaments 102A & 102B,
104A & 104B and 106A & 106B, but the voltage induced
in the secondary winding 216 1s insufficient to cause the
lamps to strike. However, after activation of the volt-
age-boost IC 144, a boosted voltage of approximately
458 V appears across the output terminals 134 and 136
and the voltage induced in the secondary windings 118,
120, 122 and 124 continues to heat the filaments and the
voltage induced in the secondary winding 216 is suffi-
cient to cause the lamps to strike.

- Thus, by arranging that (1) the unboosted voltage
across the output terminals 134 and 136 causes heating
of the filaments 102A & 102B, 104A & 104B and 106A
& 106B but no striking of the lamps 102, 104 and 106, (i1)
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there 1s a delay of approximately 4 seconds
(0.66=0.7—0.04) seconds between activation of the
self-oscillating inverter and activation of the voltage-
boost circuit; and (111) the boosted voltage across the
output terminals 134 and 136 causes striking of the
lamps 102, 104 and 106 as well as continued heating of
the filaments 102A & 102B, 104A & 104B and 106A &
106B, the circuit of FIG. 1 simply and effectively pro-
duces pre-heating of the lamp filaments before the
lamps are caused to strike.

Such differentially delayed inverter/voltage-boost
start-up is described in greater detail in U.S. patent
application No. 07/705,865, which is assigned to the
same assignee as the present application, and the disclo-
sure of which is hereby incorporated herein by refer-
ence.

The control circuit C controls operation of the drive
circuit 100 in dependence on the operation of the switch
S as follows. Before the switch S is first closed, the
capacitor CS of the control circuit C 1s uncharged.
When the switch S is first closed, and power is first
applied to the circuit 100, the self-oscillating inverter is
activated after a delay of approximately 40 milliseconds
(beginning pre-heating of the lamp filaments as de-
scribed above) and the voltage-boost IC 144 1s activated
after a delay of approximately 0.7 seconds (causing
striking of the lamps as also described above). .

Immediately the voltage-boost IC 144 becomes acti-
vated, it produces at its V gggoutput (pin 8) a regulated
voltage of approximately § V. This regulated voltage
output 1s apphied to the two parallel chains of senes
connected components C1, C2, C3 & C4 and Cé6 & C7

in the control circuit C. Thus, the diode C2 becomes
forward biased and causes current to flow through the

resistor C1 to charge the capacitor C5. As the capacitor
C5 begins rapidly to charge, the peak charging current -
which flows through the capacitor develops across the
resistor C4 a voltage which is sufficient to latch the
thyristor C7 in its conducting state. With the thyristor
C7 latched in its conducting state, the anode of the
thyristor is pulled to a voltage of approximately 1V.
With the voltage-boost 1C 144 activated, a voltage of
2.5 V is produced at the node 158, causing the diode C9
to be reverse biased and effectively causing the control
circuit C to be disconnected from the rest of the driver
circuit 100. In this condition, as described above the
voltage produced between the output nodes 134 and
136 is approximately 458 V.

When the switch S is opened, the voltage-boost I1C
144 becomes inactivated after a delay of approximately
0.25 seconds which is determined by the values of the
components in the resistive-capacitive divider 170, 172.
Immediately the voltage-boost 1C 144 becomes inacti-
vated, the voltage produced at the V ggg output (pin 8)
of the IC 144 falls to zero volts. This fall in V gggoutput
voltage causes the thyristor C7 to become non-conduct-
ing and causes the diode C2 to become reverse biased,
preventing the charge on the capacitor CS§ from dis-
charging through the resistor C1. When the diode C2
becomes reverse biased, the charge on the capacitor C5
begins discharging through the resistor C3.

If the switch S is re-closed after an interval of more
than approximately 0.5 seconds after being opened, the
charge on the capacitor CS5 has reduced to a sufficiently
low level that when the voltage-boost 1C 144 is re-
activated, the peak charging current which flows
through the capacitor CS is sufficiently high to produce
a large enough voltage across the resistor C4 to cause
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the thyristor C7 to latch in its conducting state. With
the thyristor C7 latched in its conducting state, the
diode C9 becomes reverse biased and the voltage at the
node 158 becomes approximately 2.5 V as described
above. Thus, if the switch S 1s re-closed more than
approximately 0.5 seconds after being opened, the con-
trol circuit C responds in the same way as at initial
closing of the switch and causes approximately 458 V to
be produced between the output nodes 134 and 136.
However, if (after the switch S has been closed and
the capacitor C5 has become fully charged) the switch
is opened and then closed within approximately 0.5

seconds, the capacitor C5 has discharged by a lesser

amount than in the immediately preceding paragraph.
Now, when the voltage-boost IC becomes re-activated
and the capacitor C5 begins to re-charge, the peak
charging current which flows through the capacitor CS
is insufficient to produce a large enough voltage across
the resistor C4 to cause the thyristor C7 to latch in 1ts
conducting state. Thus although the capacitor C35 be-
comes fully charged, the thyristor C7 will not re-latch
and will remain in its non-conducting state. With the
thyristor C7 in its non-conducting state, the diode C9
will become forward biased, causing current to flow
through the resistors C6 and C8 to the node 1358, and so
increasing the voltage at the node 158 above 2.5 V. The
increased voltage at the node 158 causes the voltage-
boost IC 144 to produce a reduced voltage of approxi-
mately 400 V between the output nodes 134 and 136.
This reduced boosted voltage of 400 V is still sufficient
to cause striking of the lamps 102, 104 & 106, but causes
the lamps to produce less light compared with a full
boosted voltage of approximately 458 V as described
above. In practice, in the preferred embodiment of the
circuit of FIG. 1, such a reduction in the boosted volt-
age level produces a reduction in light energy output of
the order of 50%. Such a reduced light output is com-
monly referred to as “dimmed”.

If, from this “dimmed” condition, the switch S is
opened and re-closed the control circuit C will act 1n
exactly the same way, as described above, as if the
lamps had been operating at full light output when the
switch was opened, since the amount of charge on the
capacitor C5 at the moment the switch S is opened is the
same whether the lamps are being operated at fuli light
output or dimmed light output.

Thus, in dependence on whether the switch S is (1)
open, (ii) closed within less than approximately 0.5
seconds of last being opened, or (iii) closed for the first
time or after a time greater than approximately 0.5 sec-
onds after last being opened, the control circuit C pro-
duces at the node 158 a voltage which is respectively (1)
zero, (ii) greater than approximately 2.5 V, or (1) ap-
proximately 2.5 V. In response to these voltages at the
node 158, the driver circuit 100 produces respectively
(i) no light output (“OFF” state), (ii)) 50% light output
(“intermediate-ON” state), or (i) full light output
(“full-ON” state).

Thus, the control circuit C in the driver circuit 100
controls the lamps 102, 104 & 106 in one of three states
(“OFF”, “intermediate-ON” or “full-ON”) in depen-
dence on the operation of the conventional two-position
switch S.

It will be understood that the interval of approxi-
mately 0.5 seconds for determining whether the dnver
circuit 100 should operate the lamps “intermediate-ON”

or “full-ON" is determined principally by the values of

the capacitor C5 and the resistor C3, and that these
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values may be altered to produce an interval different
from approximately 0.5 seconds as desired.

In a lighting installation where the switches are typi-
cally wall-mounted and wires which extend from the
switches are hidden in walls and and/or ceilings, the
cost of installing replacement or additional switches and
additional wiring into an existing installation 1n order to
provide control of a third state of operation of the light
can be considerable. It will be appreciated that the
driver circuit 100 incorporating the control circuit C
described above can be used with any existing conven-
tional two-position to switch fluorescent lamps between
three different states, without requiring the complica-
tion and cost of installing replacement or additional
switches or additional wiring.

It will be appreciated that although the invention has
been described above in relation to a conventional
switch having an element mechanically movable be-
tween “‘open” and “‘closed” positions, the invention 1s
not limited to switches having mechanically movable
elements, and may be used equally well with other
switches (for example, electronic touch-sensitive
switches) having no mechanically moving parts.

It will be appreciated that the particular time inter-
vals used in the above described control circuit, and the
particular voltage levels may be varied as desired to suit
different types of fluorescent or other gas discharge
lamps as desired.

It will also be appreciated that although the invention
has been described above in relation to a control circuit
used to control lighting units, the invention is not lim-
ited to the control of lighting units and may be used
equally well to control any electric circuit or device
between three conditions in dependence on the opera-
tion of a switch having two states.

It will be appreciated that various other modifications
or alternatives to the above described embodiment will
be apparent to a person skilled in the art without depart-
ing from the inventive concept of sensing whether a
switch is in a first state, a second state or has changed to
the second state within a predetermined time of last
having been in the second state in order to produce
respectively a first, second or third output signal.

I claim:

1. A control circuit for producing a first output sig-
nal, a second output signal or a third output signal in
response to operation of a switch having a first state or
a second state, the control circuit comprising:

capacitance means arranged to become charged

when the switch is in its second state and to be-
come discharged when the switch 1s int its first
state:

sensing means for sensing whether the level of charge

of the capacitance means is less than a predeter-
mined level when the switch changes to its second
state; and

signal producing means for producing the first output

signal when the switch is in its first state, the sec-
ond output signal if the level of charge of the ca-
pacitance means is less than the predetermined
level when the switch changes to its second state
and for producing the third output signal if the
level of charge of the capacitance means is greater
than the predetermined level when the switch
changes to its second state.

2. A contro!l circuit according to claim 1 wherein the
Sensing means comprises:



5,194,781

9

silicon controlled rectifier means arranged so that its
state of conduction i1s dependent on whether the
level of charge of the capacitance means is less than
a predetermined level when the switch changes to
its second state.

3. A control circuit according to claim 2 wherein the
silicon controlled rectifier means is arranged to be ren-
dered conductive if the level of charge of the capaci-
tance means 1s less than the predetermined level when
the switch changes to its second state and to be ren-
dered non-conductive if the level of charge of the ca-
pacitance means is greater than the predetermined level
when the switch changes to its second state.

4. A control circuit according to claim 1 wherein the
predetermined time is substantially 0.5 second.

5. A driver circuit for driving a device in response to
operation of a switch having a first state or a second
state, the driver circuit comprising:

capacitance means arranged to become charged

when the switch 1s in its second state and to be-
come discharged when the switch is 1n its first
state: and |

sensing means for sensing whether the level of charge

of the capacitance means 1s less than a predeter-
mined level when the switch changes to its second
state: and

driver means arranged to produce the first output

signal and to drive the device in a first condition in
response thereto when the switch is in its first state,
to produce the second output signal and to drive
the device in a second condition in response
thereto if the level of charge of the capacitance
means i1s less than the predetermined level when
the switch changes to its second state, and to pro-
duce the third output signal and to drive the device
in a third condition in response thereto if the level
of charge of the capacitance means i1s greater than
the predetermined level when the switch changes
to 1ts second state.

6. A driver circuit according to claim § wherein the
sensing means COmprises:

silicon controlled rectifier means arranged so that its

state of conduction 1s dependent on whether the
level of charge of the capacitance means is less than
a predetermined level when the switch changes to
its second state,

the driver means being responsive to the state of

conduction of the silicon controlled rectifier
means.

7. A dniver circuit according to claim 6 wherein the
silicon controlled rectifier means is arranged to be ren-
dered conductive if the level of charge of the capaci-
tance mans is less than the predetermined level when
the switch changes to its second state and to be ren-
dered non-conductive if the level of charge of the ca-
pacitance mans is greater than the predetermined level
when the switch changes to its second state.
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8. A dnver circuit according to claim § wherein the
predetermined time is substantially 0.5 seconds,

9. A driver circuit according to claam § wherein the
driver means comprises current mode control means
having a control input connected to receive the first,
second and third output signals and having an output
connected for controlling the device in dependence on
the received signal.

10. A driver circuit according to claim § for driving
a gas discharge lamp load.

11. A control circuit for use with a switch having a
first state or a second state, the control circuit compris-
ing:

an input node for coupling to the switch to receive a

first input signal when the switch is in its first state

and a second input signal when the switch 1s in its
second state;

capacitance means coupled to the input node to be-

come charged in response to the first input signal

being received and discharged in response to the
second input signal being received; and

silicon controlled rectifier means connected to the

capacitance means so that the state of conduction
of the silicon controlled rectifier means 1s depen-
dent on whether the level of charge of the capaci-
tance means 1S less than a predetermined level
when the first input signal is received.

12. A control circuit according to claim 11 wherein:

the capacitance means comprises:

a capacitor having a first electrode coupled to the
input node and a second electrode coupled to a
reference node; and

a first resistor connected in parallel with the capac-
itor, and

the silicon controlled rectifier means comprises:

a thyristor having an anode and a cathode coupled
between the input node and the reference node
in parallel with the capacitor, and having a gate
electrode coupled to one of the electrodes of the
capacitor.

13. A control circuit according to claim 12 wherein

the capacitance means further comprises:

a first diode coupled between the input node and
the firsts electrode of the capacitor; and

a second resistor coupled between the second clec-
trode of the capacitor and the reference node,
and

the silicon controlled rectifier means further com-

prises:

a second diode coupled between an output node of
the control circuit and one of the anode and
cathode of the thynistor.

14. A control circuit according to claim 11 wherein
the capacitor has a value of substantially 0.1uF.

15. A control circuit according to claim 11 wherein
the first resistor has a value of substantially 10M(}.
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